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Background: Dementia has a devastating effect on physical and cognitive performance. Many studies focus on 
the relationship between a decline in lower limb functioning, e.g. walking, and cognition in dementia. Yet, a large 
group of older adults with dementia is not capable of walking. In cognitive healthy older adults a relationship 
between upper limb functioning, e.g. grip strength, and cognition is observed. This association has not been 
tested in older adults with dementia. 
Objective: The goal of this study is to examine the association between grip strength, executive functions and 
memory in patients with dementia and compare it with cognitive healthy controls. 
Design: Cross-sectional.
Methods: 116 patients with dementia (age 84.18 ± 6.15; Mini Mental-State Examination 19.16 ± 3.45) and 90 
cognitive healthy controls (age 82.20 ± 6.54; Mini Mental-State Examination 28.49 ± 1.03) were included in this 
study. Verbal and visual memory, and four different aspects of executive functions were measured. Grip strength 
was measured with a hand-held dynamometer. 
Results: Grip strength is a significant predictor of working memory (t = 2.133) and fluency (t = 2.022) in older 
adults with dementia. In controls grip strength is a significant predictor for all aspects of executive functions. For 
both groups, grip strength is not a significant predictor of visual and verbal memory. 
Limitation: The specific etiology of dementia was not available
Conclusion: Grip strength is a small but significant predictor of aspects of cognitive performance in older 
adults with dementia. Future intervention studies are necessary to reveal if training of grip strength leads to an 
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6.1 Introduction
It is well known that aging might coincide with cognitive impairment and physical decline 
(Arcoverde, Deslandes et al. 2008, Bherer, Erickson et al. 2013). Cross-sectional studies 
support a close relationship between physical and cognitive performance (Arcoverde, 
Deslandes et al. 2008, Bherer, Erickson et al. 2013). However, most of these studies focus 
only on lower limb strength, gait speed, or other measures of lower limb performance 
(Ijmker, Lamoth 2012, Watson, Rosano et al. 2010, Bruce-Keller, Brouillette et al. 2012, 
Persad, Jones et al. 2008, Blankevoort, Scherder et al. 2013, Lowry, Brach et al. 2012). Lower 
limb performance is important for aerobic exercise like walking. Indeed, walking is suitable 
for healthy older persons and can improve executive functions in sedentary older adults 
(Kramer, Hahn et al. 1999). However, in older adults with dementia these positive effects of 
walking on executive function could not be found (Scherder, Scherder et al. 2013). 
Older persons in long term care have a reported wheelchair use between 52%-90% 
(Smith, Kirby 2011). This percentage indicates that for most older persons residing in 
long term care it is often impossible to participate in interventions that focus on walking 
or lower limb strength training to improve cognitive performance. An alternative could 
be to focus on programs that use the training of grip strength as an intervention for the 
improvement of cognitive performance. The rationale for this latter suggestion emerges 
from correlational studies on grip strength, physical disability, activities of daily living, 
and cognitive functioning in older persons without dementia. More specifically, a decline 
in grip strength is associated with disability (Giampaoli, Ferrucci et al. 1999), frailty 
(Collard, Comijs et al. 2013), a decrease in activities of daily living (Langlois, Norton et 
al. 1999), cognitive decline (Bullain, Corrada et al. 2013), and mortality (Cooper, Kuh 
et al. 2010). In addition, an association between grip strength and executive functions 
and memory is observed in cognitively healthy older adults (Malmstrom, Wolinsky et al. 
2005, Hirota, Watanabe et al. 2010, Taekema, Ling et al. 2012), but is not studied in older 
adults with dementia. If such an association exists in people with dementia it would be 
worthwhile, not only for physical reasons but also for cognitive reasons to add the training 
of grip strength to physical intervention programs. By adding other training aspects to an 
intervention program, next to aerobic walking exercises, wheelchair bound patients can 
also participate in these programs. 
Therefore, the goal of the present study is to examine the association between grip 




The study was approved by the local medical ethics committee and in line with the 
declaration of Helsinki (59th Amendment). Participants or their legal representatives gave 
their informed consent. The study population consisted of a group of patients with and 
without dementia recruited from 2008 to 2011. Patients with dementia were recruited 
in nine different nursing homes and two day care centers in the vicinity of Groningen, 
The Netherlands. The Inclusion criteria for patients with dementia were a diagnosis of 
dementia by the National Care Indication Center (CIZ). The diagnostic criteria from the 
CIZ are comparable to the American Psychiatric Association’s Diagnostic and Statistical 
Manual of Mental Disorders, fourth edition (DSM-IV; American Psychiatric Association 
2000) and a score on the Mini Mental State Examination between 13 and 24 (Range 0-30; 
Folstein, Folstein et al. 1975) The cognitive healthy control group consisted mainly of 
spouses. The control group needed an MMSE score of 27 or higher. For both groups the 
minimum age for inclusion was 65. Exclusion criteria were vision problems hampering 
test performance, a history of psychiatric illness (e.g., schizophrenia or bipolar disorder) 
or neurological illness (e.g., a stroke or epilepsy), alcoholism, other brain diseases that 
could account for cognitive impairment, and physical problems that could affect physical 
performance. Figure 6.1 presents the selection of participants for cognitive healthy 
controls and patients with dementia, respectively. 
Material and Procedure
Executive functions
Executive functions were assessed by means of neuropsychological tests. For all 
neuropsychological tests a higher score indicates a better performance. 
Fluency was assessed with the category fluency task (set-shifting) from the Groningen 
intelligence test (GIT; Luteijn, Vanderploeg 1983) For each task, the total number of 
named animals (or professions) within 60 seconds is recorded. 
Inhibition and set-shifting was assessed with the Rule-Shift cards from the Behavioral 
Assessment of the Dysexecutive Syndrome (BADS; Wilson, Alderman et al. 1997) This 
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‘no’ to a black card) to a more complex rule (i.e. respond with ‘yes’ if the card has the same 
color as the previous card and ‘no’ otherwise). The final score of the test is the number of 
correct answers applying the more complex rule. The maximum score is 19. 
Planning was measured with the Key Search Test of the BADS (Wilson, Alderman et al. 
1997). In this test, participants have to imagine that they had lost their keys on a field and 
are asked to draw their search path. The maximum score is 16. 
Working memory was assessed with the Digit Span Backwards Test (Wechsler 2008). 
Participants had to repeat digits in reversed order. The sequence was increased by one 
digit after three trials. If two consecutive errors were made the test was terminated. The 
test score is equal to the number of successful trials and ranges from 0 to 27. 
Verbal Memory was assessed with the Eight Word Task (Lindeboom, Jonker 1989). This 
test was used to examine the verbal episodic memory in direct recall, delayed recall and 
recognition. First, eight words were presented five times and after each session of eight 
words participants had to recall as many words as they could (total score ranges between 
0 and 40). After 10 to 15 minutes the participant had to perform the delayed recall test in 
which they had to recall all eight words (score ranging from 0 to 8). Finally, the recognition 
test measured how many of 16 words could be correctly identified as being part (or not) of 
the original set of eight words (score ranging from 0 to 16). The total verbal memory score 
was calculated by averaging the z-transformed scores for the three tests. 
Visual Memory was assessed with the faces and pictures test of the Rivermead Behavioral 
Memory Test (RBMT; Wilson, Cockburn et al. 1987) Cards of faces and pictures had to be 
remembered and recognized (score range faces: 0-10; score range pictures: 0-20). The total 
visual memory score was calculated by averaging the z-transformed scores of both tests.
Strength
Grip strength was assessed with the Jamar dynamometer (Sammons Preston Rolyan, 4 
Sammons Court, Bolingbrook, Il 60440, USA). Participants were instructed to squeeze 
their hand as hard as possible. The best (i.e. highest) of three attempts (in kilograms) 
was recorded. The test-retest reliability of grip strength is excellent (Blankevoort, van 






169 participants did 
not respond to the 
mailing or were not 
willing to participate
31 participants did 
not provide informed 
consent or withdraw 
their consent
21 participants 










51 patients with 
dementia did not 
want to participate or 
family did not provide
10 patients with 
dementia were not t 
enough to participate
16 patients with 
dementia were 
excluded MMSE to 
high or too low
142 patients with 
dementia or family 
gave their informed 
consent
132 patients with 
dementia enrolled in 
testing
116 patients with 
dementia
Figure 6.1. Flowchart of the Inclusion of Cognitive Healthy Controls and Patients with Dementia
Potential confounders
Depression was assessed with the 30-point Geriatric depression scale (GDS; Yesavage 
1988) A score between 0 and 10 indicates no depression, while a score between 10 and 
20 indicates mild depression, and a score between 20 and 30 indicates severe depression 
(Yesavage 1988). The number of comorbidities was retrieved from the medical records of 
the participants. They were categorized according to the International Classifications of 
Disease and the number of comorbidities was summed. Education was measured with a 
seven-point scale developed for the Dutch educational system (Verhage 1983). In addition, 
age and gender were included as possible confounders.
Procedure
For an optimal communication with our participants, we refer to the extensive description 
of Ries and colleagues (Ries, Echternach et al. 2009). In short, important aspects were 
the use of simple commands, an undisturbed surrounding and a pleasant atmosphere. 
To prevent bias the test conditions should be comparable. Therefore, variations in staff 
training, time of day, location, and sequence of tests were kept to a minimum. Moreover, 






een grip strength and cognition in dem
entia
different tests were administered in the same sequence and only by trained students 
from the psychology department or from the Institute of Human Movement Sciences, 
University of Groningen, The Netherlands. 
Missing values
Less than two percent of the data was missing, which is considered ‘trivial’ (Acuna, 
Rodriguez 2004). As none of the individual variables had more than four percent of 
missing values, and there was no significant correlation between the MMSE (i.e. a global 
indicator of cognitive performance) and the number of missing values, we used regression 
substitution to replace the missing values. For missing values of cognitive performance 
other cognitive tasks as well as age and gender were used as a predictor. For grip strength 
there were no missing values.
Statistical analyses
SPSS Statistics 20 and R 2.10.1 were used for the statistical analyses. Means, standard 
deviations, and correlations were calculated for neuropsychological scores and grip 
strength. The Bonferroni-Holm correction was applied to the correlations (Aickin, Gensler 
1996, Holm 1979). A Student’s t-test and the chi-square test were used to determine 
differences between older adults with and without dementia. To assess the effect of grip 
strength on the different cognitive functions, we analyzed the data using linear mixed-
effects regression (LMER; Pinheiro, Bates 2000) with participant as a random-effect 
factor. In this way, the structural variation linked to each participant is taken into account 
(i.e. participants who scored high on one cognitive test are more likely to score high on 
another cognitive test). Importantly, this method enabled us to analyze if the effect of grip 
strength differs significantly between the six aspects of cognitive performance, and if the 
effect of grip strength differs between healthy controls and patients with dementia. In the 
analysis, the cognitive score was used as the dependent variable. By including the type of 
cognitive test in our model, we were able to assess the precise effect of grip strength for 
each individual cognitive test (i.e. we assessed the possible interaction between cognitive 
test and grip strength) and between the two groups of participants. Besides the variable of 
interest, grip strength, six covariates (age, gender, education, comorbidity, depression, and 
the use of a walking aid) were added to the model to test if they influenced the association. 
The score of grip strength was normalized for gender, due to the large gender differences 
(i.e. new score men = (mean women / mean men) * old score men). 
100
The significance of grip strength and the six covariates or interaction between those 
variables were evaluated by means of the t-test for the coefficients, in addition to model 
comparison likelihood ratio tests and Akaike Information Criterion (AIC; Aikaike 1974) 
The model comparison likelihood ratio test and AIC make it possible to test whether the 
addition of variables or interactions improve the model significantly. This approach is 
described into detail elsewhere (Blankevoort, Scherder et al. 2013). 






Mean (SD) Mean (SD) p-value
Age (years) 84.18(6.15) 82.2 (6.54) .027
Gender (% male) 29.3% 33.0% .538
Education (1-7) 3.50 (1.39) 4.28 (1.32) < .001
Comorbidity 1.48 (1.53) 1.21 (1.50) .897
Use of walking aid 36.2% 22.2% .027
GDS 5.59 (4.68) 6.82 (5.36) .079
MMSE 19.16 (3.45) 28.49 (1.03) < .001
Memory Direct 16.60 (6.29) 29.39 (5.50) < .001
Memory Delayed 0.65 (1.51) 4.49 (2.39) < .001
Memory Recognition 11.41 (3.17) 15.17 (1.47) < .001
RBMT Faces 5.06 (3.22) 9.08 (1.56) < .001
RBMT Pictures 12.10 (7.24) 19.77 (0.82) < .001
Working memory 5.34 (2.44) 7.84 (2.61) < .001
Fluency animals 9.31 (4.17) 18.94 (4.94) < .001
Fluency professions 6.44 (3.30) 15.17 (4.53) < .001
Set-shifting 10.88 (3.93) 15.08 (4.24) < .001
Planning 5.08 (3.40) 8.86 (4.96) < .001
Grip strength 19.60 (7.69) 22.58 (8.30) .008
For all tests, except for GDS, a higher score indicates a better performance; GDS: geriatric depression scale; 
MMSE: mini mental-state examination; RBMT: Rivermead Behavioral Memory Test; Education is scaled 1-7 
where 1 is not finished primary school and 7 is a master’s degree; Comorbidity is the combined score of diseases 
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6.3 Results
Table 6.1 shows the descriptive information about the participants and their test scores. 
Older adults without dementia were significantly stronger, scored better on all cognitive 
tasks, were younger and higher educated than patients with dementia. 
Table 6.2 shows that the correlation between grip strength (normalized for gender) 
and cognitive functions differs between patients with dementia and cognitive healthy 
controls. Only in the total group significant correlations were found between grip strength, 
fluency, and set-shifting. 
Table 6.2. Correlations between cognitive functions and grip strength (normalized for gender)  







Verbal memory .093 -.080 .160
Visual memory .023 -.139 .117
Working memory .217 -.194 .119
Fluency .241 .198 .275*
Set-shifting .140 .299 .263*
Planning .002 .263 .189
* significant <.05 with Bonferroni-Holm correction applied.
Table 6.3 shows the final mixed-effects regression model (explained variance 52.4%). This 
model shows that being part of the control group (β = 1.08, t = 17.09) has a positive 
effect on the score of all cognitive measures. A higher education predicts a better cognitive 
score in the control group (β = .20, t = 4.18), but not for patients with dementia (β = .07, 
t =1.76). The other potentially confounding variables (i.e. gender, comorbidity, depression, 
and age) did not reach significance by itself or in interaction with any other variables 
and were therefore not included in the model. Grip strength is a significant predictor 
for all cognitive measures (β = .07, t = 2.33, data not shown) but the model improved 
significantly when a three-way interaction between grip strength, group and cognitive 
measure was added (AIC decrease: 10.8, p < .001). In the final model grip strength is a 
significant predictor of working memory (β = .15, t = 2.13) and fluency (β = .14, t = 2.02) 
for patients with dementia. In older adults without dementia grip strength is a significant 
predictor for all executive functions, i.e. working memory (β = -.23, t =- 2.64), fluency (β = 
.19, t = 2.08), set-shifting and inhibition (β = .24, t = 2.71), and planning (β = .24, t = 2.67). 
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In both groups grip strength is not a significant predictor of verbal and visual memory. 
Table 6.3. The Linear Mixed-Effects Regression Model Predicting Cognitive Performance Separated for 
Cognitive Function and Between Healthy Controls and Patients with Dementia
Fixed effects Estimate Std. Error t-value p-value (approx.)
Intercept -.04868 .0409 -11.903 <.001
Control group 1.07791 .0631 17.089 <.001
Education*Dementia .07186 .0409 1.757 .079
Education*Control .20132 .0482 4.177 <.001
Dementia group
Grip strength * Verbal memory .07260 .0704 1.031 .303
Grip strength * Visual memory .02081 .0704 .0296 .976
Grip strength * Working memory .15018 .0704 2.133 .033
Grip strength * Set-shifting &inhibition .08798 .0704 1.250 .212
Grip strength * Planning -.03015 .0704 -.428 .669
Grip strength * Fluency .14232 .0704 2.022 .043
Control group
Grip strength * Verbal memory -.00452 .0901 -.050 .960
Grip strength * Visual memory -.03304 .0901 -.367 .714
Grip strength * Working memory -.23804 .0901 -2.641 .008
Grip strength * Set-shifting &inhibition .24458 .0901 2.714 .006
Grip strength * Planning .24097 .0901 2.674 .007
Grip strength * Fluency .18699 .0901 2.075 .038
N.B. Grip strength is gender-normalized (see text for details). 
6.4 Discussion
The goal of the present study was to examine the relationship between grip strength, 
executive functioning, and memory in older adults with dementia. 
The mixed-effects regression shows that grip strength is a positive predictor for 
working memory and fluency in older adults with dementia. For cognitive healthy 
controls grip strength is a predictor for all executive functions. The question arises why in 
older adult with dementia only fluency and working memory are significantly associated 
with grip strength, and not set-shifting and planning as is found in cognitive healthy older 
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that the cortico-striatal system is involved in both language comprehension and motor 
control (Lieberman 2002, Simard, Joanette et al. 2011). Indeed, fluency and working 
memory are verbal tasks and set-shifting and planning are not. Given that the deterioration 
of the cortico-striatal system is relatively modest compared to other systems in patients 
with Alzheimer’s disease (Scherder, Eggermont et al. 2011), this might explain why the 
association between grip strength, fluency and working memory exists. In contrast, the set-
shifting and planning tasks rely on the integration and communication between different 
brain areas. Especially neural networks that are necessary for communication between 
different brain areas, such as the superior longitudinal fasciculus, are early affected in AD 
(Scherder, Eggermont et al. 2011). 
The present findings did not indicate a relationship between grip strength and 
memory in cognitive healthy controls and older adults with dementia. It is known that 
the hippocampus is extremely important for memory (de Jong, van der Hiele et al. 
2008, Teyler, Rudy 2007) and is affected in an early stage of the disease. The striatum, 
which was mentioned before, plays a limited role in memory and is less affected than the 
hippocampus in an early stage of the disease (Braak, Braak 1991). These latter findings 
suggest that there might be a time based difference in the decline of memory and grip 
strength. The striatum is part of the cortico-striatal system (Scherder, Eggermont et al. 
2011), and is therefore important for grip strength (Lieberman 2002, Simard, Joanette et al. 
2011). Grip strength does not appeal to memory, and is, as far as we know not related with 
the hippocampus. This might explain why grip strength is not associated with memory. 
The negative correlation between working memory and grip strength in cognitive healthy 
controls is solely observed in men (data not shown). It is possible that an increase in 
variability amongst higher scores (i.e. the scores of men are more heterogeneous) or the 
relative small group of cognitive healthy older men have influenced the results. However, 
we tested on outliers and do not have a solid explanation for this finding. 
Until now, upper limb training is not included in most interventions that aim to 
improve cognition in patients with dementia (Eggermont, Swaab et al. 2009, Rolland, 
Pillard et al. 2007, Volkers, Scherder 2011). Our results show that there is a small but 
significant association between grip strength and aspects of cognitive performance. It 
is possible that grip strength training results in improvements in aspects of executive 
functions. Intervention studies that analyze the clinical relevance and the effect of grip 
strength on executive functions are warranted. Despite the fact that the effect of grip 
strength training on cognitive performance might be limited, previous studies have shown 
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the importance of grip strength for physical function in, for example, ADL (Ranganathan, 
Siemionow et al. 2001). The latter indicates that, adding grip strength to a training protocol 
might be worthwhile regardless from potential effects on cognitive function. Although it is 
not known if grip strength can be improved in older persons with dementia, improvement 
in grip strength after an intervention was observed in older women (Englund, Littbrand 
et al. 2005), sedentary older persons (de Jong, Lemmink et al. 2006), and older persons in 
long term care without dementia (Chen, Lin et al. 2008). 
Limitations
This study has several limitations. First, the study is cross-sectional, therefore, it is 
impossible to reveal a causal relationship. Second, the exact diagnosis (e.g. vascular 
dementia, Alzheimer’s disease) was not obtained, because it was for not available. Third, 
we did not include patients in a wheelchair, due to the study protocol. Therefore, we 
cannot be certain that our results can be generalized for wheelchair bound patients with 
dementia. In addition, we only assessed patients with dementia living in a nursing home, 
therefore the generalizability to patients with dementia who live at home is questionable. 
Fourth, the study size was largely based on convenience. This was the maximum number 
of participants that could be obtained from the different institutions willing to participate. 
6.5 Conclusion
This is the first study that report a significant association between grip strength, fluency 
and working memory in older adults with dementia. Future intervention studies are 
necessary to investigate whether training grip strength might not only improve grip 
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